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improve the selection process for family housing 
project alternatives. The thesis concentrates on the 
economic analysis of the current program that allows 
the government to lease housing from the private 
sector (i.e. the Section 8@1 program). 

In particular, the role of energy costs is 
examined. A cost benefit analysis demonstrates the 
Tite Or lite-cycle Costing for theweso1 program. 
The inclusion of all life-cycle costs in an 8@1 
Prosram contract should result in a lower total cost 
to the government. The recommendation, therefore, 
Polat the award of an 801 program contract for Navy 
family housing should be based on lowest total life- 


cycle cost. 


li 


ales 


Tie 


Vice 


Vi 


TABLE OF CONTENTS 


INTRODUCTION == === =e OR 8 
A. CURRENT FAMILY HOUSING PERSPECTIVE ------ 8 
B. THE SECTION 801 PROGRAM PARAMETERS ------ 10 
C. THE SECTION 802 PROGRAM PARAMETERS ------ 12 
D. THE ROLE OF ENERGY COSTS IN THE 

SECTION 801 PROGRAM ——2—— === === 13 
E. THESIS ORGANIZATION —--——== === === == 14 


HISTORICAL PERSPECTIVE OF ENERGY CONSERVATION 


IN FAMILY HOUSING --------------------------- 16 
A. ENERGY OUTLOOK -------------------------- Ve 
B. ENERGY USE IN HISTORY ------------------- 17 
THE 801 ECONOMIC ANALYSIS ------------------- 22 
A. GENERAL --------------------------------- EME 
B. THE ECONOMIC ANALYSIS ------------------- 22 
ENERGY FACTORS ------------------------------ 29 
A. THE ECONOMICS OF ENERGY CONSERVATION ---- 29 
B. ENERGY CONSUMPTION ESTIMATION 
TECHNIQUES ------------------------------ oe 
LIFE-CYCLE COST ANALYSIS --------------------- 38 
A. EXAMPLES -------------------------------- bs 
1. Example One: Heat Pump Versus 
Oil Furnace / Air Conditioner ------- 58 
ela Example Two: Combined 
Active Solar / Conventional 
Versus Conventional Only ------------ 4] 
B. SUMMARY OF RESULTS ---------------------- 43 


eee oC bo lONS AND RECOMMENDATIONS ——-————-—-———--- 46 


A. CONCLUSIONS -------------------------- HH 46 

B. RECOMMENDATIONS ------------------------- 48 

C. AREAS FOR FURTHER RESEARCH -------------- 5@ 

1. Financial Management Areas ---------- 5@ 

2. Hnergy Conservation Aréas ----------- 51 

APPENDIX A- THE 8@1 FAMILY HOUSING PROGRAM ----- Dia 
APPENDIX B —- THE 8@2 FAMILY HOUSING PROGRAM ------ Be 


feet xX © — QUALITY POINT SYSTEM FOR TECHNICAL 
EVALUATION OF SECTION 8@1 PROGRAM 


MMPS IISS!) s=2 5555555555255 5 552555 60 
oS) OF RWS RUNCIS) 2925— 2565555 ee ee 81 
DDL ROGRA SEN? 2==255 553555 5 83 
[ TTEAD DESMRIE IIe) “Lise —Soeea eee 84 


We 


ae 


List OF TASBERS 


SUMMARY TABLE FOR EXAMPLE 


ALTERNATIVES -------- 


RETURN ON INVESTMENT 


LIST OF FIGURES 


® 


Mime d tite ama mmciklecacte ar loon ——-——-————————— re 


Proper Solar Alignment For a 
Aon) ao LOpicwG. ——————————————————-——--=—---= 20 


Comparison of the Effects of Solar 

Radiation on a House in the New 

York Area,in Two Perpendicular 

ONT SSID TE SUE SOO a 2 1 


Approximate Cost Relationships 
Between Bnergy, Maintenance and 
eee es Ol) See a Se ee 24 


Sample Cost Horizon Curve for 

Uc wid tary Construction 

Alternative Under the Section : 
ees. howe hoot an —————_——_———— — —— —— — — pale 


Conservation Cost Versus 
CUMS OUT eI ON Ls TCI I a ana | 


Conservation Cost Versus Energy 
Savings ----------------------------------- Ze 


Marginal Benefits Versus Marginal 
Costs of Conservation ----------------------- 34 


Heneets Of oOlar [Trradiation On 
Various Window Types ------------------------ nS 


& 


I. INTRODUCTION 


A. CURRENT FAMILY HOUSING PERSPECTIVE 

This thesis looks into the financial deciaaa 
process of the Section 8901 family housing progran, 
and investigates the importance of life-cycle eo. ewe 
in the economic analysis. 

A literature review established the meri). 
iver e=c yc lke COs analysis foe major programse 
Based on the relevance of a life-cycle cost approach, 
this thesis focuses on the cost analysis of the 8@1 
program. 

Before looking at the economic analysis, it “Gas 
necessary first to provide some history of family 
housing ain the milatary ; the role of the YeoOu 
program, and the importance of energy conservation an 
military family weusing, The introduction ~t© ee. 
Navy Family Housing Manual provides an excellent 
insight into the beginnings Verena. family 
hOouUst ne. The following is a quote from that mManuam 

The provision of family housing to "member. 
Of the United States Armed Forces wast 
authorized in 1782, when an Act was passed which 
specified that a major general and his family would 
be provided with one covered four-horse wagon Vang 
One 7two- Norse Wwacenn By the early 1800’s it became 
a general practice to build quarters onStatlon ween 


the commanding officer anda few of the senior 
officers and top ranking enlisted men. [Ref. 1] 


Tareush the years, Congress has established many 
prejects te provide housing for per vieeincn and their 
families. These projects fall into three categories. 
et esteem Lary Construction fully funded by 
government dollars. The second involves the use of 
Private  Gapital to construct quarters that are then 
m-ased tO the residents or the government. thas: Il eigslas 
category involved short-term leases for existing 
housing to meet a temporary need. [Ref. 1] 

> Goel a common problem faced by members of the 
armed services today is the rampant shortage OL 
Gimtitany family housing. Hicmpmoolen 1S particularly 
acute in the younger enlisted families who also have 
to cope with limited resources. 

MicmiiOoO CmOnwune Shohuase Ties in both changing 
demographics of our personnel and the changing roles 
of the services. In today’s world a much higher 
percentage of service members are married than in the 
gays Of more Liberal military spending; therefore, 
the services are placing greater demand on the 
maoiaele “supply of housing. Changes in strategy 
mee Q1SoO Contributed to the problem. 

The goal of a 60@-ship Navy increases the need 
for new homeports. This increase in demand for 
housing puts service personnel in direct competition 
with Ptew civilian market that is already at 


eid Jibrium. ALSO, Changing the status of a base 


from a training mission to an operational = start 
means a much higher percentage of permanent 
personnel. 

In 1984, the nation became painfully aware of 
this housing shortage when the 15 year-old [ono ee 
army sergeant took his own life. The son’s 
-perception was that his family was unable to cope 
with the imposed economic hardships of Liv iia 
"“Orf—poSst."' “Retro. 2a 

Congress remains very keenly aware of the housing 
shortage. They continuously work on legislation 
designed to help alleviate the problem. The Sections 
801 and 802 programs both deal with governmental 


leasing in the private sector. 


B. THE SECTION 801 PROGRAM PARAMETERS 

Public law 98-115 of October Wilvasleece gave the 
Service Secretariats the ability to lease housing 
units from the private “sectom The wesc family 
housing program helped to fulfill a need created ia 
the cancellation of the domestic leasing proezranuk 
The legislation also sought to avoid some ~oierE. 
program violations associated with the domestic 
leasing program. [Ref. 3] 

The program specifies thawue: 


ilies The term of the contract cannot exceed a 
pDericd, of 20 sVvea se 


1@ 


ee Service members oe eee Orcas © Dasi.c 
allowance for quarters (BAQ) and variable 
housing allowance (VHA) when assigned to these 
lida st 

De The program applies only to new homes. The 
COoMpedetmniec Service Can require that the homes 
meet Department of Defense specifications. 

4. An economic analysis selects the most cost 
effective means of providing the required 
housing Waits. 

The classic lease versus purchase decision best 
describes the economic analysis required under’ the 
801 program. In simple terms, the program makes a 
SOst Comparison between a military construction 
Pre yect to bULId the needed housing units, and the 
femLuPractual agreements that provide and maintain the 
same number of units for a specified period of time. 

As in the classic lease versus purchase decision, 
The chosen alternative has the lowest net present 
value of associated costs. Under the 8@1 progran, 
fe ati tial construction cost and the projected 
annual maintenance costs form the basis of analysis. 
Omitted from the decision process are the energy 
Bests related to each alternative. 

The energy costs were omitted because they were 
too hard to estimate effectively, and because the 
Mepic Of energy conservation no longer holds the 


Senter stage spotlight. The 8@1 program analysis 


assumes that energy costs under each alternative are 


a 


SoU IL « Therefore, the government pays thew eae 
bill regardless Of) tie veaneunmut, 
Appendix A contains an excerpt from Pupil... 


98-115 that established the section 8@1 program. 


C. THE SECTION 8@2 PROGRAM PARAMETERS 

The 8@2 program provides an alternative méanocumae 
help alleviate the family housing shortage. 

Under an 8@1 lease the government pays the enw 
stale, lone ae under an 8@2 agreement the gZo0Vernticwe 
Onl y assures the contractor of a predetermined 
OCCUPpanecy Tave. 

The specifics of the 8@2 program are: 


ie The term of the contract Cannot exccecamne 
years, and cannot be renewed. 


ae The program may not apply to existe 
housing. 

on The rental rates fluctuate with BAQ and VHA 
rates. 

4. An economic analysis selects the best 
alternative. 


The 8@2 program offers meager incentives to the 
private developer, and thus it has not proven to be 
a Suitable alternative to other precrane 


Appendix B contains section 802) 02 (Fup tse se 


Se | hom 
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D. THE ROLE OF ENERGY COSTS IN THE SECTION 
801 PROGRAM 


Le igh ah ye abst 2S an 8@1 program application, 
identified shortage of family housing within a 
Me oOorrapmine —reslon MUSt-OCCUr . Choosing the most cost 


effective alternative for eliminating the shortage is 
a three step process. Paes & ; the local command 
a7 bOpcman cholnecrime CStimate for the construction 
ana Maintenance of the required number of housing 
ma GS . The solicitation of request for proposals 
(RFP’s) comes next. mit Shep COnNtLraccors submit 
boris tnhitial design concepts and cost estimates for 
the construction and maintenance of the required 
number of housing units for the length of the lease. 
The final step is the decision PmOoceac. The 
contracting service evaluates each submittal against 
established criteria. All approved designs are sent 
forward to the economic analysis. Ave | - eoronglenid ale: 
analysis chooses the most cost effective alternative. 

The weaknesses in the 8@1 program revolve around 
the Seononi ec analysis: lle wetdirst. off! program 
economic analysis did not include some cost factors 
because they were considered to be equal. 

its bOnriow investigation. in the 801 program 
reveals that energy consumption costs are ignored 
because they were presumed to be equal for all 


ervernatives. A cost benefit analysis of alternative 
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energy devices 1s used to support the Ayeettce tae 
additional savings exist within the 801 program: 

The objective of this thesis is to deter nt) ae 
the inclusion of additional factors, such as” {2244 
cycle energy costs, in the economic analysis  Wwousm 
improve the decision process for selection of jie 
best alternative. At the same time, this |) Ghee 
determines if the omission of those factors lead Wie 


erroneous decisions. 


BE. THESIS OCRGANIZAT PON 

Chapter I introduces the reader to the section 
801 family housing program, and briefly discusses its 
role in both the history and current perspécti 7c 
the whole family housing program. 

Chapter II is a historical perspective of -inew 
conservation in family housing. 

Chapter TIil outlines the current methods 
economic analysis for the 801 prezram: Chapter (iam 
also discusses the perceived weakness of the quality 
point review system. 

Chapter IV begins with an examination of the 
economics of energy conservation and endS Withee 
examination of energy CONS Umienugeo ta estimation 
techniques for typical family Meuse 

Chapter V presents two examples of WIiite-cyeie 


costs versus initial investment (or construction) 
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Sects. The results of the cost-benefit analysis is 
Presented as the second section of Chapter V. 

ciapvecr presents the major conclusion reached 
in this thesis, Which is followed by the 
recommendation Vico Molsy COnSUMpLion Costs) be 
pacluded in the estimate of each alternative’s costs. 
The hypothesis of the recommendation is that if the 
contracted provider of housing is directly 
responsible for the payment of the Wit dames 9D Lad, 
then he will have an incentive to provide maintenance 
that insures the integrity of the energy envelope. 
The final section of Chapter VI presents topics for 
further research that were beyond the scope or this 


thesis. 
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II. HISTORICAL PERSPECTIVE OF Beenie 
CONSERVATION IN FAMILY HOUSING 

A. ENERGY CUDLOGK 

In the early to mid 1970’s, energy consumpt ile 
was viewed as a weak spot in the national economy. 
The oil embargo of that era felt like a gun) Seime 
held to our colvectiteeiecoacs. The alarms went off 
and Sirens sounded, Conservation, foreséen ase 
Hy y =savier, had to solve the pp eben. Alternatives 
to conservation included burning sulfur rich coal jag@ 
poisoning the atmosphere with acid rain, or Fushi 
head lone into jane ken merehc power, thus creatine 
rad koactive ee ee take a millennium to decay 
and risk letting the genie out of the bottle. 
[Ref .4:p.263] 

vem years “ago some pecpee] predicted the 
exhaustion of the supply of fossil fuels in 40 years 
but today the world is experiencing” anwe mw glut 


[Ref. Duliz Figure 2.1 expresses an example of receme 





PUBIC] eOpinien. 
“Do we need a barrel of oil, 


Pierce... | King Features Syndicate Cartoon 
[Source : ef men 


We 


Micme cartoon Nas a double meaning. First, slaty 
Shows that western society is less dependent on 
BoOVeotoM =  Omuecaan ay ule height of the —~oil embargo. 
Second, UMicoerceont GrOp in prices did not stimulate 
a corresponding increase in demand. It seems 
conservation solved most of the short run problems, 
So Once again the public attitude toward energy 
Sonsumption is very apathetic. 

The Soviet nuclear disaster at Chernobyl and 
this country’s problems at Three-Mile Island serve as 
reminders paate “Huctearmwatission still has many 
problems beyond the current technology [Ref. 7]. 
Other alternatives such as active solar, geothermal, 
and ocean tidal energy are too limited in their areas 
of application, and they are often too costly for the 


benefits they provide. 


B. ENERGY USE IN HISTORY 

HOt we tne pDOLeENLtMamweesaving from conservation 
become so great? Dumas calls the widespread wastage 
maecmersy “a result of conscious or unconscious 
wectale choree and not [aresult of] technical or 
economic necessity" [Ref.4:p.i17]. In the name of 
progress, have the lessons learned by our ancestors 
been forsaken? ConocnmeecwetMce BSkime ss is loo: ics 
Bemstruction is perfect for its environment. The 


fomes shape not only concentrates the heat in the 


A? 


center of the structure but the dome itself offers 


the lowest possible ratio of exposed surface area, 


(i.e. subject to the environment,) to enclosed 
volume. The building material is also very 
Ecol erengamchalle + Gey; snow absorbs very little heat, 


meaning that any heat source inside the iflco3=G@aee 
not have to first fill up the heat reservoir oa 
high thermal mass wall [Ref.4:p.26]. 

In a hot climate a high thermal mass wall is 
very useful. Indians of the American Southwest built 
pueblo structures that were the apex for natural 
control of seasonal climatic impacts. f1Ven waa. 


available adobe construction technology [Ref.S:peage 


Watson cites the Changes siesta technology 
associated with heating equipment as another 
principle cause of energy waste [Ref.8:p.8]. Thighs 


as industry learned to provide cleaner sources of 
heat, the source was moved further away from where 
it was needed. Our ancestors conserved energy, —ae8 
because of costs, but because nature is extremely 
UA POT 2) yan oo The efficiencies gained by technoler, 
were lost to the advances of architectural preter aaa. 
of modern man. 

some conservation measures are passive in nature 
and require little or no extra Cost in age 203.4 
non-eCnerey conscious desi2au. Figure 2.2 contaime a 


example of proper solar and prevailing wind alignmenme 


les 


Moma L£TOUup Of ~hoeuses . Mimi etiGer2z.> wleweriecct Of 
an orientation change and the elimination of some 
windows can be seen graphically. 

Overall, conservation measures do have positive 
GOosts, and those costs are inversely correlated to 
SsOonsumpLLOnN costs. Advances in energy technology are 
slowly pe las made, lobar the alternatives GO 


fomuservalien remain very expensive. 
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Figure 2.2 Proper Solar treater 
For a Housing Development 
[Source: Ref. Ojoeeuce 
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Figure 2.35 Comparison of effects of solar 
"radiation on a house in the New York area, 
Mime mer pendiecnplar Orientations. 

[Source: Ref. 9: p.39] 
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Ill. THE 801 ECONOMIC ANALYSIS 


A. GENERAL 
AS stated in Chapter I, this thesis deals with 
the weaknesses of the economic analysis. The 
weaknesses result from the omission of Certain Yeo 
factors from” the’ decision  Creister rae The energy 
utilization Costs are tne specif femeencemwne 

Restating a point made Year mee the firee 
economic analysis omitted the energy costs beécauee 
they were too hard to estimate effectively, and 
because the topic of energy conservation no Longe. 
holds the center stage spotlignic Preliminary ega 
program estimates assumed the energy costs under each 
alternative to pe veqmua. ©"O, Under an S01 contrac# 
the government pays the total utility bill regardless 
GOL tne sanount. 

Most elected federal officials’ major concern is 
reducing the’ “deficit. Potential energy related 
savings may lie hidden in the 801 prec an. Today (ae 
is more important to look at potential dollar Savane. 
than to look at savings in terms enpeeeuee 

It is not known in the beginning how mucha. 
total life-cycle cost pie will De Savtrmenu tea 
6Gnerey WeCeOmclmp Lom ila is not even Known at the 


beginning the size of life-cycle pie with 100% 


Fe, Fe 


accuracy. Tom Nit ial Construction” costs are 
I iaKenerts esTelal the expenditures iene energy and 
Maintenance can be reduced. imereasing the level of 
Petneenance on items such as weather stripping or 
Heating eCquipment can allso@m@e@reduce energy costs. 
Piecurecmmenl ashews tiree possible scenarios involving 


energy costs. [Ref. 1@] 


B. THE ECONOMIC ANALYSIS 

Smee asiolacims Unit shortage has been identified, 
the local command examines the various — means of 
providing the required number of housing units. This 
preliminary review decides the correct avenue of 
epproach. For this thesis 1t 1s assumed that the 
choice is between and 8@1 lease and a military 
construction PeoTect: 

this comparison is best described as a classic 
meaase versus purchase decision. inetorder tor this 
type of comparison tO be Valid, the lease must be an 
eeeramine lease as defined by Financial Accounting 
Standards Board (FASB) Statement No. 13. [Ref. 11] 
FASB Statement No. T> outlines the relationship 
between lease and leasor. The lease versus purchase 
decision is based on the lowest present value of the 
differential cash Suvi Lows 1oOr each if also enor eral gize2 
alternative scheduled and discounted to the present, 


Mmeeall Other Gonsiderations are equal. [Ref. 12] 


eS. 


4 
ae > 8 -— 
ee Sa? Gy ti, Zz = weed ry 
* a “hr Dee 
tt. , 





L_construction 





Solent bi 5] Approximate Cost Relationships 
Between Energy, Maintenance and Construction 
[Source: Ref, 71] 
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The development of the Life Cycle-Net Present 
Value (LC-NPV) is relatively easy and objective. The 
LC-NPV is the discounted summation of all costs 


associated with an alternative for the life of the 


Sontract . To remove some of the SUD)JCCLIVICY 
associated with making all other considerations 
equal, Eee DOureoyso lemme valuates the contractor 


proposals objectively. 


Pol Amol iio sOnricmaguUality pOolnt system is: 


--Site Design 2O@ 
--Ssite Engineering 10@ 
--Dwelling Unit Design 5@@ 


--Dwelling Unit Engineering and Specifications 190@ 
--Maintenance, Repair, and Operational 

services 2OO 
a-LtOCal Maximum Points 12900 

Appendix C contains the quality point system in 
weotall . 

This system evaluates each alternate proposal on 
ies Own merit; iieeOulmens — “words, it makes all 
considerations besides LC-NPV equal. The 5@90 points 
set aside for dwelling unit design contains 1092 
Beints for energy conservation, which are not enough 
tO insure the most energy efficient design. The 
previous chapter explained that modern man has a 
predilection ih Oe inefficient energy designs. 
Evaluating this preference in light of the quality 
point systen, a radical energy conservative design 


feula lose more points for bad aesthetics than it 
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could gain for energy efficicncye The téchnieeas 
parameters only assure that the contractor willie 
a predefined minimum. If he reduces the lite-cyee 
costs of energy required for heating by 50 Dpercemue 
he receives 5@ quality points. It does not seem very 
probable that his cost will be more than 4.35% higher 
than the alternative of only meeting the minimum 
STandara. "(ise . 1150s peinuc.. 

The LC-NPV for the military GOnStrvctYenep. owe 
follows the guidelines of the Office of Management 
and Budget (OMB) Circular number A-104. Circular A- 
104 outlines the factors governing the lease versus 
purchase decision for all government azenerte-- Kee 


the lease, the only factor is lease payments, and for 


the 8@1 program, lease payments are a combinatlonwe-s 
shelter rent (SR) and maintenance rent (MR). The 
factors Under consideration. acer. the purchase 


alternative are: 


construction costs, including iat Sewawes 
Valve" or Sune Aan: 


- operation and maintenance costs; 
- imputed property taxes; 
- imputed insurance premiums; and 
= Cost  offsec: terminal value at endweorteaae 
lease permed. 
After all outside proposals have undergone the 


qual ity point evaluation, a separate review 
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committee opens the sealed cost portions of the 
Paemeea1lse aaa) Uses tmem to determine the LC-NPV of 
each alternative. iiometscOuntb o tactor,.used for the 
present value analysis equals the prevailing interest 
rate on new issues of U.S. Treasury securities with 
Porites ecdual to the term of the lease, plus one- 
eighth of a percentage point. [Ref. 13] | 

Next: , Gividing each alternative’s LC-NPV by its 
wicdiltoy pOlnts provides a decision criteria based on 
mes 1cCast  COSt per quality point. Some basic 
parameters ensure that the final review does not 
moc lder alternatives that are infeasible. 

HiG@meEcoOctomen Choe Military construction project 
Pao st rae —COSt horizon curve, ange yGac a Cos t 
teiarzeonm detimnes the limitations of consideration. 
Figure 3.2 shows a sample cost horizon curve. Any 
PpimopOsal onside the cost horizon curve is acceptable. 
The program selects the alternative with the lowest 
SOsts. 

Liecmecsulaance of the circular does permit the 
exclusion of those factors that are deemed to be 
em@ual . knergy costs were originally assumed to be 
equal for each alternative. Cade mutes — chapter ; 
energy estimation techniques are reviewed and _ the 


potential cost savings are evaluated. 


aw 
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For SR = 0 
MR = 28,162/10.594 = $2.658M 
For MR = 0 
SR = 28.162/6.85] = $4.111M 
aisle) de 
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Figure 3.2 Sample cost hori zZonweurvew ion. 
Military construction alternative ued. aera 
section 801 family housing pec. 
(Source: Ref. 14] 
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IV. ENERGY FACTORS 


A. THE ECONOMICS OF ENERGY CONSERVATION 

Today’s Congressional emphasis is the reduction 
ef the federal deficit. The bottom line is that 
erie aday Must be limited to ensure the ability 
foe spend in the future. Piso arulecullar — mindset 
Braces an extraordinarily heavy emphasis on the first 
fost Of any construction project. The problem is 
that a penny saved today may be a dime wasted in the 
Ppure. A dite cycle cost analysis must be done to 
determine whether the penny or the dime is more 
important, because the timing of events and the 
discount factor determine their value today. 

The apathy expressed toward energy conservation 


ran rampant in the days of unlimited fuel supplies 


iwore ithe ©il embargo. Praces tor tuel “declined, 
and identified reserves and demand increased. From 
19>D0 ae | Of 5, the average price of energy 


maaqusted for inflation) per million BTUs rose only 
14.3 percent. Between 1959 and 1970, the price of 
Semergy actually decreased by more than 8 percent. 


[Ref. 15] The supply and demand curves for’ energy 


mee, UnStable over time. MicvectromoGtasmoving, but 
not at the same rate. If the supply increases faster 
than the demand, the excess supply pushes’ prices 


ao 


downward; but if demand outpaces supply, then an 
Upward pressure 1S ¥exenR Ged our ieee 

If it is assumed that energy prices  Tremaws 
constant the interaction between conservation awe 
consumption costs can be looked at. Consumptwaoem 
costs and conservation costs are inversely related; 
therefore, as more resources are applied te 
GOnSErvVat en, consumption requires less Fresoune@eaes 
The cost Sees associated with consumption Yam 
conservation add together to provide a total Yeq@en 
curve. Figure 4.1 contains all three curves. ([Ref. 
em 

The lowest point on the combined cost curves 
point Q.,, indicates the minimum obtainable cost. 


The minimum cost indicates the target téveRen 


conservation. Estimating SNe ey cOnSUMD tigen 
requetion resulting from a yvsineve CcOnSe€rVat leg 
measure is relatively straightforward, but when more 
devices or measures interact together, assessing 


their individual benefits becomes very difficult. 
Figure 4.2 shows the relationship between 
conservation costs and enerzy 9s4a, 104) The Venera 
Savings are derived by subtracting the Consumptags 
cost curve from a constant cost equal to the in eis 
consumption cost with zero conServation Clee 
ee ae Adding the energy savings curve of Figure 4.2 


LO the consumption cost ‘CUrve of ea aie 


5@ 


Pie unewma = | 


Total 
Costs 


CoNnsespReva tion) 
Costs 


987% 
Qe lCosts 
Conservation COS t Versus 
Consunperonm Cost 
[Source: Ref. 16] 
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ConSE eva ON 


Cost 


Pd 2 cree Conservation Gost ) Ver auc 
Energy Savings 
LSource: Ref. 16] 


a2 


Qictwononec w= produces a COnStant cost line. Potmb oO. 
corresponds to the same level of conservation in both 
Figure 4.1 and Figure 4.2. 

A Hareinal benefits analysis of aatolal Sealrahirer ts 
conservation measures is much easier to calculate. 
Puarting with a baseline level of consumption, we can 
fonserVallon projects can be avaluated based on their 
savings subtracted from the baseline, until the 
decreasing marginal benefits curve crosses the 
Pmercasing Marginal costs curve. tic wil npeiasoe oho. Od 
these MWOmClwnvwe Ss nliidieGares the ideal level of 
molservation. Figure 4.43 shows this relationship. 

these economic relationships prove that energy 
meomeervVatlon projects are beneficial as long as they 


Save more than they cost. 


B. ENERGY CONSUMPTION ESTIMATION TECHNIQUES 

he sShiOowmmnec aADbpbarenh that investment in an 
mer ey  CONservaction project that has an initial cost 
meegher than the present value of the future inflow of 
Savings is wUunwise. The initial cost of an energy 
SPomservation project is easily obtainable, but the 
approximation of timing and size of the savings 
stream is more elusive. 

Most methods for energy consumption estimation 

revolve around the building envelope concept. lpaiskeae 


ia building envelope concept, the differences 


Be 





Maruinal 
ere 


O Qe Costs 


Figure 4.3 Marginal Benefits Versus Marginal 
Costs Of Conservation 
[Source: Ref. 16] 
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between interval and external environments determine 
how much energy the house requires. ii orl vy 


mediating force between the internal and external 


environments is the building envelope (i.e. the 
exterior walls, the floor and the roof). Examination 
am a typical cross-section of various exterior 


windows show relatively how much energy each window 


mreansmits, either from interior to exterior or ie (a) an 
exterior tO interior. (See Figure 4.4.) 
Different wall types could be compared 10S: 


determine the energy efficiency and the standard cost 
for each wall. To determine the energy efficiency of 
a wall, Besse hiicaleeevalbuation of the thermal 
conductivity of the wall must be performed. 


Energy conservation projects involving mechanical 


equipment are easier to estimate, because most 
mechanical Squl pment feomeore iat cG. for energy 
err iciency. Thus, when a heat pump is compared to a 
conventional gas furnace, the required output is 


known and it is a simple calculation to determine the 
Gequired input energy needed. t~cwadrtiference between 
the energy consumption of the alternatives reflect 
the savings potential. The potential savings must 
mer Ine evaluated with respect to the COSt 
differential between the alternatives. 

Pemuch  EGasiecr approach is available to all 


federal agencies, which is a computer program 
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(double glazing reversed) 








developed by the Department of Energy called 
"COSTSAFR" [Ref. levollee AGnivitadesvecan use “COSTSAFR" 
to generate an analysis of an array of housing 
alternatives. The program compares proposed housing 
designs to an established standard design. The goal 
Pn TOmmtnim: ze the overall costs, pave IO Vshivigiegs Mame arse 
cand, tUbure Utility costs though an energy 
conservative design. The common thread to all energy 
consumption estimation techniques is the performance 


of a net present value analysis. 


Sy ii 


VY. DIFPE-CYCBE COST ANALY ome 


A. EXAMPLES OF LIFE-CYCLE COST ANALYSIS 

As previously Sw shwesl most major SYStem 
acquisition strategies rely heavily on life-cycle 
cost. analysis: This approach places as much emphasis 
on operational costs as it does on producti cnwae. 
CONMSTPUCtE1ON Coster To access the potential value of 
a life-cycle cost approach,it is necessary to loekwag 
some examples. Life-cycle costs(LCC) can be broken 
down into five elements: initial investment cosim 
(I), salvage value (SV), maintenance and repair costs 
(M), replacement costs (R), and energy costs (BE). 


Expressed as an equation: 


LCC = I - SV+M+R++5 
To avoid the comparison of apples to) Oranges, rome lL 
future sums of money must be discounted to their 
present value using the discount factors 711 cna 


circular 104. [Ref y Misi 


1. Bxample One: Heat Pump Versus 
Opal ak Furnace/Air Conditioner 
For the first example, 15 ae ditfiereneer 


between a heat pump ard a combination with )an  9o a 


furnace and an electric air conditioner is examined, 
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Any commonalities that exist in the Cost 
Suleman tons. sslleclieas the ductwork can be ignored. 


[ney preerem AaSsSuUmMpELIONS are: 


Heat Pump Oil Furnace/ 

AiEeondi FL lener 
initial investment $2500 $1500 
annual maintenance 10@ 15 
replacement cost 2@ 7@@(note 1) 5@@(note 2) 
electricity annually 70@ 40@ 
escalation rate 5% 5% 
fuel oil annually --- 800 
escalation rate --- 71% 
Salvage value Q Q 
discount rate 8% 8% 
useful life 20 years 2@® years 


notes: 


1) Calls for the replacement of the compressor 
twice, in the eighth and sixteenth years. 


2) The air conditioner must be replaced in the 
velop year. 


Ustnee the previous formula, and discounting 
mo a present value, the life-cycle costs of each 
alternative can be determined, SEawiio wt ir st 9 wi tn 


mae Neat pump. 


Heat Pump 


Present Value: 

of Maintenance $100 * (PVa,8%,20 yrs.) 
$100 * (.9818) 
$981.81 


Se) 


nee 


LCC 


of Replacement 


of Energy 


$700 * [ (PVf,8%, 8 yrs.) 
+(PVf,8%,16 yrs.) ] 

$700 * [(.5403) + (V2o loos 

$700 * (.8322) 

$582.53 


$700 * (PV¥Va,ee, 20uroee 
with 5% escallataon 

$700 * (15.076) 

oO. Soe 20 


I - SV +M+R+4+5 
$2500 - @ + $981.81 + $582.55 + $105555020 


$14,617.54 


On Puleiace/ Adm Condi tvonuer 


Present Value: 


of Maintenance 


of Replacement 


of Bnergy 


CE lect ic mn) 


of Energy 
COT) 


$75 *s80PVa, Sh, 20 eu ee 
S75 * (98s 
bi 56626 


$500 * (PVf, SS, 10 eae 
$500 * (.4632) 
Di2 Deo 


$400 * (PVa,S2, 9 205 poe 
with 5% escalation) 

$AQO * (1Sa07 oe 

$6,030.40 


$800 * (PVa,8%, 20 yrs., 
with 7% escalation) 

$800 * (18.165) 

$14.5 552.00 


I - SV + M+R4+5 


$1500 -—- @ 


+ $756.36 + 3251-60 


+ ( $6,030.40) (+ $14,532.00) 
$1500 - @ + $736.36 + $231.60 + S20 5502-0 


$25,090 00 


AQ 


Comparing DtCoCwemec Cle» Costs, mac meneat. pump 
alternative saves $8,412.82 over its life span for an 


increase in the initial investment of only $1000. 


Pe Example Two: Combined Active Solar/Conven- 
Phones Versus Conventional Only 


Another illustration can be considered. res 
time the cost effectiveness of a solar energy system 
el GT a conventional backup system is evaluated 


against a conventional system alone. 


The problem assumptions are: 


Combined Convent ena dl. 
Only 

initial investment $10,000 $6,000 
annual maintenance 200 AN fas. 
replacement costs @ %3,@@@(note 1) 
energy costs 30@ 1,200 
escalation rate 5% 5% 
Salvage value @ 2,@@@(note 2) 
aescount rate 10% 10% 
useful life 20 yrs. 20 yrs. 
notes: 1) The conventional system must be replaced 


in the fifteenth year. 


2) The conventional system has a_ salvage 
value in the twentieth year. 
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Combined Solar/Conventional 


Present Value: 


of Maintenance $200 * (PVa, 10%, 20 °yree 
$200 * (8.5136) 


$1702 ie 


noi 


li 
= 


of Replacement 


of Energy 


$300 * (PVa, 1075520 Vice 
with 5% escalation) 

$300 * (1227129 

2a. 40 


of Salvage Value = @ 


LCC Ll =35yV + M+ Res 
$10,000 - @ + $1702.71 + @ + $3815.49 


Sse = el 


Conventional Om, 
Present Value: 


of Maintenance $175 * (PVas° 0c 20 view 
$175 * S251 3eR) 


$1,489.88 


of Replacement $3000 * (PVf, 10%, 15 yrs) 
$3000 * (.2394) 


a Sh 1S 


of Energy 


$1200 * (PVa, 10%, 20 yrs- 
with 5% escalation) 

$1200 * (12.718) 

1 So 2 Onl oo) 


of Salvage Value $2000 * (PVf, 10%, 20 yrs) 
$2000 * (.1486) 


pice ace 
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LCC tee ov + NM + kot FE 
$5,000 - $297.29 + $1,489.88 
Te he. bore | DcO 1 .O0 


Zormliee . Dui. 


In terms of initial investment the combined 
solar/conventional system costs 67% more than the 


conventional only system 


( $10,000 —- $6,000 = .67) 
( $6,000 ) 


bus in terms of life-cycle costs the combined 
solar/conventional system costs 33% less than the 


conventional only system 


eer eee lo, 51S. 11=  .33) 
( boule. > 1 ) 
B. SUMMARY OF RESULTS 
Although both of the previous examples show cases 
meewoich a higher initial investment reduced the 
overall life-cycle costs, increasing the initial 
investment does not always lower the life cycle 
SOsSsts. The relationship between initial investment 


costs and life-cycle costs is very dependent upon two 


imactors: 
lis Picmerave Om vintlation is the most important 
hacvor.” hi iitathon Causes the discount 
factor to be such that the present value of 
future savings are negligible, then increased 
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investment in the initial ConsStrucclten as now 


J7UStitT ved, 

ae The time table for payments and Savings. 
important, but in a secondary “ature: If the 
Savings occur only at the end of the life- 
eye le. discounting will greatly reduce (theme 
benefits. The cases occur when the savinzgs¥aw 


immediate or when they are spread evenly oe 
the life of the proejecre 

Pieler ore, all alternatives should be examined 
on their individual merits with respect to lite cyeime 
Coste: Table 5.1 provides a side by side comparison 
of initial investment costs and life-cycle costs for 
each alternative of both examples. 

Reviewing the results of the examples, in the 
case of example one the increased initial inves cia 
provides a return in excess of 840%. In comparing 
the alternatives of example two, the extra investment 
provides a 191% return. Table 5.2 shows the return 


on the increased investment for each example. 
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TABLE 5.1 SUMMARY TABLE FOR EXAMPLE 


ALTERNATIVES 
INITIAL ALM SON eid: 
INVESTMENT COSTS 
HEAT PUMP $2,500 $14,518 
VERSUS 
OIL FURNACE | 
AIR COND. ils See $235,030 
COMBINED 
ACTIVE SOLAR: $10,000 io esas: 
& CONVENT. 
VERSUS 
CONVENTIONAL: $6,900 eo sl re 
ONLY 


Die eA) ye RETURN ON INVESTMENT 


SAVINGS 
POTENTIAL 


$8,412 


$7,654 


RETURN 
ON 
INVESTMENT 


841.3% 


INCREASE IN REDUCTION 
INITIAL iN ae 
INVESTMENT CYCLE COSTS 
BHXAMPLE 
ONE $1,000 $8,412.82 
TWO $4,200 $7,654.26 
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191.4% 


VI. CONCLUSIONS AND RECOMMENDATIONS 


A. CONCLUSIONS 

Program guidance from Congress emphasizes “the 
relevance and importance of life-cycle costs, and the 
Same documentation also requires life-cycle costs be 
part of the program analysis [Ref. 24]. From a minor 
military construction project to major weapon Syouem 
acquisition, operating costs play a key rolé in eGae 
decision process. To quote a 1969 Rand Corporation 


Memorandum: 


o.. Operating costs are. Seay more impor tamm 
in the lifetime total cost computation than 9ihews, 
annual figure might suggest. In fact, since ware 
life of a modern weapon system may run ten” yeas 
( or longer), the investment needed to establish 
a new system may be dwarfed by the costs required 
to operate and to maintain italic e ere 

If operating costs are so influential on wae. 
total cost of a project, why does an $01 program 
analysis exclude the energy consumption costs? Upiena 
initial examination the energy consumption costs 

(ich oes onored, just as the Army ignored them in 

the first 8@1 program analysis because it Can be 

assumed that the energy consumption costs are jean 
for each alternative. That assumption may not be 


Wasi bala? because the structures for each alternative 


has a different design. 


4.6 


Siapeet my eepto7wldes examples that illustrate a 


iawn tnt aleconstruction cost can provide a.lower 


life-cycle cost. If windows and doors do not receive 
proper maintenance, they wean degrade the energy 
Pericicncy OL the housing units. Currently, air 


fmittiltracrion accounts for approximately one-third of 
miewenergy loss in Navy housing. [Ref. 1@] 

BMS Sy eeecOnSUMpULION COStLS are very important in 
terms of life-cycle costs, and as long as they remain 
a separate issue, the true costs of an 801 project 
will remain hidden. Mae inelustoen Of energy 
Hensumption Costs would more accurately reflect the 
total cost of the 801 program, and then the program 
could be evaluated with respect to the method of 
direct payment to service members of BAQ and VHA. 

Lieomeiechuiciten OF ULIMitry "consumption costs in” the 
Tae prostram contract will provide a real incentive 
Diane wCOnbmactlor “oO ensure the energy efficiency of 
ia housing project. Inclusion of energy consumption 
costs in the lease contract will require some form of 
Seruoursement to the contractor. thai > imbursement 
could take many forms. One method might be a payment 
for a negotiated standard consumption level at a 
mooxuating wULLlaty “rate. Another method might 
evolve around a percentage share for the contractor 


for any savings he could provide to the government 


below an established baseline. 


4°7 


Guidance from OMB specifically states that when 
an agency submits a program for congressional review 
it must contain all life-cycle cost. The omissitcenme 
energy consumption costs could lead to a decile 
that is prejudicial either for or against the weegs 


pro? ram 


B. RECOMMENDATIONS 

What incentives are given to a contractor to 
ensure an energy efficient project? After @€xaminage 
the point system, it is known that a bidder scat 


conceivably lose most of the 100 points tor (ememes 


conservation and still win the design award. ia 
FeabaiaGy : it can be seen that the current approach, 
alg! Which the lowest bid wins, only provides 


incentive for the contractor tO CUt COnStruetiiee 
costs wherever possible. A lower initial cost 
increases the probability of higher energy costaaanw. 
higher lite-cyele coseres- 

For terms of illustration, an example follows wee 
the point system with respect to snergy Cconservanaea 
for 300 housing units with annual energy consumpiuies 
rates of $1000 without conservation and $500 with 


maximum conservation. 
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Minimum Maximum 


Standard Efficiency 
Quality 
reantcs Lisd 1202 
fmitial 
Cost $10,000,000 $11,000,200 
fost /point $8,696/pt $9; 16%/ pe 
Annual 
Energy Cost $300,000 $152 ,80@ 


Present Value 
of Energy Cost 
mee an S% discount 


rate $2,950,000 $1,470,000 
wotal Cost $12,950,900 $12,470,020 
Savings -<-- $492,000 


ioe program decision would be based on the lowest 
e6sSst per quality point. In this case the 5@ point 
difference can be attributed to the quality points 
for energy efficiency as outlined in Chapter III, 
Section B. Cost waividcdwoy GCuality point would be 
equal for each alternative if initial costs differed 
by only 4.35% for the maximum alternative over’ the 
minimum. 

The idea of awarding a contract based on lowest 
mrmc-cycle costs is alien to the present form of 
ipmdzeting. Annual budgets and election years’ place 
heavy emphasis on current spending with little or no 
Boncern for next year’s budget. 

It is recommended that the decision criteria for 


the 801 program be based on total life-cycle costs, 
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and that those costs should be ail inclusive ._o 
not to preclude innovation on the part) 01 7 
COMbr ac tobe Using the same approach used in major 
weapon system acquisition could save the government 


money. 


C. AREAS FOR FURTHER RESEARCH 
1. Financial Management Areas 
IDG baal olfex the development of this thesis, 
certain aspects of the 801 and 8@2 family Housi@me 
program raised questions that remain unanswered. 


Most of these areas could provide excellent thesis 


GOpdLes. 
some topics for future research ineluder 
a. How do you determine the value and inherent 
risk of an 801 program lease? Given that: 
1) The lease is  sSUbjccer eee annual 
appropriations, (i.e. Congress cConmmaa 
default. ) 


2) There is no defined secondary market, 
thus making liquidity impossible to 
access. 


3) The lease does share similarities with 
corporate bonds. 


b. What is the impact of OMB’s definitlcn wae 
the value of capital? 


Gs The 8@1 program alternative decision process 
routinely performs a sensitivity analysiowen 
key cost parameters, but the discounting 
rate undergoes no such analysis. At what 
level oof discounting dees tue decision 
change? 


5@ 


di: What are the impacts of sunk costs, such 


as government owned land, Ol sue mmaecei Ss 1 On 
process? 
e. Could pressure from private industry force 


the 2overnment to purchase the land required 
Los future 801 and 8@2 family housing 
projects? 

f. What effect will the new federal tax bill 
and its stance on long term capital gains 
have Oe Powchtural Capital anvestors in 
Paine y SNOUS LMS Seons tructilon? 

g&. What course of action should the service 
take when it receives. no bids on an 8601 
la@aci@il © 

2. Bnergy Conservation Area 
This thesis does not deal with the technical or 
engineering aspects OF energy conservation. 
Nevertheless, one technical question did arise: 
What is the long term effect of the level of 


provided maintenance on the energy efficiency of a 


SieuCc ture? 
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APPENDIX A -THE 8@1 FAMILY HOUSING PROGRAM 
[Source Ref. 19] 


PUBLIC LAW 98=115—=—0OCT eee >] 
TITLE VIII--GENERAL PROVISIONS 
MILITARY FAMILY HOUSING LEASING PROGRAM 

sec. 801. Section 2828 of Title 10) > United) tae 
Code, is amended by adding at the end thercor a. 
followings subsectzen. 

Co) Gale) Oriel Win eigarag amy any other provision of 
law, the Secretary of a military department may enter 
into a contract for the lease of family housing Una 
to be constructed on or near amilitary installatwvem 
i oobnG ohab val the United States under the secretary 7s 
jurisdiction at which there is a validated deficit wa: 
family; housing. Ti Syulssaave units leased Under etn 
subsection shall be assigned, without rental charge, 
as family housing to members of the armed forces’ who 
are eligible for assignment to military fame, 
housing. A contract under this section shall inet 
a provision that the obligation of the United Staiver 
to make payments under the contract in any fiscal 
year is subject to the availability of appropriavrea. 
FOL thats purpose. 

"(2) Bach contract under paragraph (1) shales 
awarded through the use of publicly adverti-ewe 
GOMmpe ti Gavely base or GCOmMp clint, cus negotiated 


CONtTractins precedures: Such a contract may provide 


Die 


Zorie “Gon Lractor of the housing facilities to 
operate and maintain such housing facilities during 
fic term oL tne lease. 

'(3) Each contract under this subsection shall 
meguire that housing units constructed pursuant to 
the contract shall be constructed to Department of 
Defense specifications. 

Ze A contracteunder this subsection may»be for 
any period not in excess of 20 years (excluding the 
period Eedumrted GO COnspruction of the housing 
maewlities). 

"O5>) 554 “contract under this subsection shall 
meevide that, Upon the termination of the lease 
period, the United States shall have the right of 
meet rertusal to acquire all right, title, and 
—~pcrest Ge the housing facilities constructed and 
eased under Lhe contract. 

'"(6) A contract may not be entered into for the 
lease of housing facilities under this subsection 
until-- 

"(A) the Secretary of Defense submits to the 
SpPeeeorpr race —COMmmittees of Congress, in writing, an 
economic analysis (based upon accepted life cycle 
costing procedures) which demonstrates that the 


Preopesead  ~contract is cest effective when compared 


De 


with alternative means of furnishing “theweean 
housing facilities; and 

"(B) a period of 21 calendar days has expired 
following the date on which the Gconomic analy. 
is received by Chose comm ruc 
"(7) This subsection may be implemented only by a 

Duet preci ame In carrying out such pilot program-- 

"(CA) the Secretary of each military department 
may not enter into more than two contracts ~Un@en 
this subsection; and 

"(B) any such contract may not be for wine. 
than 300 family housing units. 
"(8) A contract may not be entered into under this 


subsection after October 1, 1985." 
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APPENDIX B - THE 8@2 FAMILY HOUSING PROGRAM 
[Source Ref. 20] 


Bibi tomuAvese—ito-—-OCT. 11, 198% 
TITLE VIII----GENERAL PROVISIONS 

MILITARY FAMILY HOUSING LEASING PROGRAM 
Sec. 802. (a) The Secretary of a Males Gocey: 
fepervment, Under Uniform regulations prescribed by 
mae moceretary of Detense, may enter into an agreement 
to assure the occupancy of rental housing to be 
constructed by a private developer or by a State or 
local housing anon te on prikvabce land; one band 
owned by a State or local government, or on land 
owned by the United States, if the housing is to be 
moceted On or near a new military installation or an 
existing military installation that has a shortage of 
housing to meet the requirements of eligible members 
of the Armed Forces (with or without accompanying 
dependents). An agreement under this section shall 
mmerude a provision that the obligation of the United 
States to make payments under the agreement in any 
fiscal Veal slloyeet tO the availability of 
wepropriations for that purpose. 

(b) An agreement under subsection (a)-- 
(1) may not assure the occupancy of more than 


97 percent of the units constructed under’ the 


agreement ; 
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(2) shall establish initial rental rateswoaas 
are not more than rates for comparable wear 
dwelling units in the same general Market arcavage 
may include an escalation clause for Operations 
maintenance costs which shall (if included) be 
effective for the term of agreement; 

(3) may not apply to existing Neus ms 

(4) shall require that the housing units be 
COMStTEUCTEed TO Department Or. Defense 
specifications; 

(5) may -not be for a term in excess of ie 
years; 

(6) may not renewed; 

(7) may not assure more than an amount 
equivalent to the shelter rent of the housiae 
units, determined on the basis of amortizing 
initial construcrion Cocos: 

(8) may only be entered into to the extent 
that there is a validated deficit in miUitaw 
family housing; 

(9) may only be entered into if existing 
military-controlled housing at all installatien. 
cial the commuting area (except for en new 
installation or an installation for which theron 
projected a significant increase in the number of 
families due to an increase in the number of 


authorized personnel) has exceeded 97 percent use 
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Mae seiseotumer Not less than 18 consecutive 


Mmonuvns ImMmediarely preceding the date on which the 


it) 
agreement is entered into, excluding units 
temporarily iiaCimivatede fOr Major repair Or 
np i esaeinen hic * 


Cipmchoal | sonroutde Lor priority of occupancy 
mor Mii Gar y families, and 

(11) shall include a clause rendering the 
agreement null and voOLGd if , Phen Oop NnhOm yor 
the secretary One the military department 
concerned, the owner of the housing fails to 
maintain a satisfactory level of operation and 

OO GUL Iae egla hia (Grey & 

(c) An agreement under subsection (a) shall be made 
through the use of publicly advertised, competitively 
bid or competitively negotiated procedures. 

(d) An agreement may not be entered into under 
subsection (a) until-- 

(1) the Secretary of Defense submits to the 
Sop eOpmitewe COMM LEces Of Congress, in writing, an 
economic analysis (based upon accepted life cycle 
costing procedures) which demonstrates that the 
proposed agreement is cost effective when compared 
With alternative means of furnishing the same 


housing facilities; and 


oa 


(2) a period of 21 calendar days has expired 
following the date on which the economic analysis 
is received by those committees. 

(e) The Secretary concerned may require that 
disputes arising under an agreement entered =a. 
under subsection (a) be decided in accordance with 
the procedures provided for by the Contract) ))1 20. 
Act of 1978 (41 U.S.C. 6@12 et seq.). 

(f) This section may be implemented only by a pilot 
program. In carrying out such pilot program-—— 

(1) the Secretary of each military department 
may not enter into more than two agreements under 
this SECTION; ane 

(2) the Secretary of a military department may 
not enter into such an agreement for more than 500 
family housings@units at one Wecartron. 

(g) An agreement may not be entered into under this 


section after September 30, 1985. 
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Sereno ix ©C = QUALITY POINT SYSTEM FOR TECHNICAL 
EVALUATION OF SECTION 801 PROGRAM ALTERNATIVES 
[Source Ref. 21] 

A. TECHNICAL EVALUATION FACTORS: 
i. Lowa Points MAXIMUM 1,200 points 


a.Site/Unit Design and Eng. 
MAXIMUM 1,008 points 


b.Maintenance MAX IMUM 200® points 

2 Sale | oSiewalyesial MAX IMUM S00 oOlnus 
Paes Bl eteel Or weevatuation includes Severe ia 
feanning, layout, design and development of the 
Mmousingz== = site(s). It embraces considerations of 
Community appearance, Gompatibility of grounds and 
Pputidingss , SO lain =O hoieta ton , Mun GiwilemadkdiL yy ” warnicd 
ievability. Generally, excluded are considerations 
Pec mn re ha bives Qialtty Of materials, with the 
exception of landscaping, Which includes numbers, 
bypes and quality of planting other than ground 


Cover. 


a. Site Utilization and Development: 
(5@ points) 


Maximum PwoweaeueCeNSity in living 
units per gross acre is pre-established by the 
mao,ecy Scope and Composition (number of units and 
member Of bedrooms) in rélation to total acreage 


Meescribed for development. iicemgecearent wbG whieh 


SB), 


proposals make efficient use of the site, Shall be 
considered under this category. 

) Street and Block Pattern. 

) Structure Grouping and VYVariaciow 
) Structure/Solar Orientation. 

) 


Buffering, Privacy,and Open Spaces 


PWD - 


b. Site Location: (50 points 


Assessment of proposed site in terms 


Or its advantages with particular concern for 
avoidance of conditions which would reduce the 
quality oof life for the military anee- and 


complicate management objectives. 
1) Site Conficurataen 
Objectives of management and 
maintenance place greater desirability on prove 
siting on one site rather than several. If multipae 
sites Gannot be avoided, what “proximuee, and 
accessibility is afforded. 
2) Site Access pian 
Commuting distance to work place. 
Proximity to public transportaturomur Relationship to 
convenience shopping, recreation .wanee ec leoler 
3) Environmental Quality. 
Desirability of neighborhoods 
SeCcurigc y Prequil remenaice safety of childmen at 


unsupervised play. 
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Meosemce Oot noxious odors, Visual 
SiwGter , InGws trial pollutants, and other 


inappropriate land use. 


ove  imtegration 


Integration oe relationships 
between the site and surrounding region, with 
specific concern ene climate, topography, 


pienitecture, and historic significance. 


c. Street System: (S5-points) 
Mie vVenteumlar Circulation 


- ACCESS AND TRAFFIC CONFLICTS 
- SERVICE VEHICULAR ACCESS 


2) Street Design 
da meaner s: CACM eednts)) 


Pea cua hi weaid Proximity to 


Dwelling Units 
2) Driveway/Parking Area Layout 


e. Utility Systems: C25 points ) 
Evaluate system design and layout 
including preservation of natural features. Gua ty 


of materials and equipment are evaluated under’ site 


poo neering. 


Pie eCErnical Dastribution 
Water Distribution 


manitary Sewer System 


otorm Drainage 
Case propre oution 


WIPWND 
Se 


fe emodwe. Grading 0a points ») 
Aone factor considers the 


appropriateness of proposed grading plans including, 


moo not limited to, Siimiciencyeot the surface 
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drainage, cut and fill, engineering economies, slopes 
and gradients, and soil stabi lizavweans if required 
Considerations of aesthetic qualities of the grading 
plan(s) are addressed under Landscaping 
(Environmental preservation considerations are 
evaluated under Item k). 
1) Grading Design 
g. Pedestrian Circulation: (2@ points) 
This factor concerns the way in whale 
the walkway system performs’ the Lfuncrpaem fojic 
transporting pedestrians from one essential location 


to another. 


1) Lo Building, Gagkine send 


Refuse Disposal 
2) To Recreation Areas, School Bus 


Stops, and Community Buiiiciims 


ies Landscaping, Cover, Irrigation ands oea 
Treakmeniv. (25 pointes 


1) Plant Materials 
2) Topsoil and/or Treatment of sau 
3) Quality of Grass and Groundg@oven 
4) Provision forwwaverans 
5) Landscape Grading 

i. Recreation Areas: (15 pointe 


1) Major Recreation Areas 


- An open space with a minimum dimension 
of 50 feet may be considered an aréa  fepeeacma 
recreation. A good plan should provide one such ware. 
for every 50 to 60 dwelling UnitsEe The occasional 


grouping of two or more such areas to provide a large 
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open space usable for sandlot football, Seino) 1, 


etc., is desirable. 


2) Playgrounds and Tot Lots 


icc checabiotal Velicie Storage 
Cape d ins) ) 


kK. Environmental Considerations 
By joxelsliguias ) 


1) Preservation of Natural’ Features: 
Pee bem Sine 6 rane. MAXIMUM 10@ points 
ifoealtcawlom erm Ged CLO considerations of 
quality of materials and engineering aspects of 
aperation and maintenance, unless otherwise 
specifically indicated. Utility systems are to be 
Svaluated up to the five foot line of the housing 
Pine tS . ier and design consideration for utility 


systems are evaluated under Site Design. 
a. Utility Systems C7Oepoin ts) 


Decree amewlstribution Systems 
Water Distribution System 
sanitary Sewer System 

Gas Distribution System 

(If provided by Contractor ) 
Storm Drainage System 
PevemuOrnatGhovheey Lighting 


OVI PWD - 
wees ww 


Deobreces Construction: CuO Ost Ss ) 


Ce barring, Drivewayvs/Walkwavs and Pathways 
Ue points) 


Base and wearing surface quality. 


oe 


d. Recreational Equipment (5 poinuss 

Playground and/or —~ G@ipueeles: equipment 

provided by proposer. Consider quality, quanuity wage 
UeeDiece 

e. Environmental (5 pointes 

Does site provide for proper contro =e. 


Pair (eine aces 


A. Dwelling Unit Design; 
MAXIMUM 500 points 


The factors and elements considered Neream 
deal with the planning and design of the dwelling 
Linas as opposed to durability of the materials and 
engineering considerations. Considerations are 2ivem 
to (1) the interaction of the individual housing jimi, 
to people, (2) the degree to which the unit blends 
with those outdoor features of living normally 
associated Wi the family, (3) the overall 


aesthetics of the housing unit, and (4) the amenities 


associated with livability. These latter include 
such items as separation of activities, convenience, 
Order lLinces-: logistics, leicune. joveeleialiaiie: - food 


handling and sleeping. 


a. Dwelling Unit Type: (15 pointger 
Use the following equation: 
NUMBER UNITS VALUB FACTOR 
BACH TYPE x BACH] TYEE = POINT. 


TOTAL UNEES 
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VALUE FACTORS: 
NUMBER UNITS/BUILDING 


1 2 3-4 2 k= OZ 


2BR Psa le he, ee 1@ 
b. Exterior Appearance: C25mpoinis ) 
This fiiewormmconstacrs ® the overall 
aesthetics of the building exteriors Tigies Nabi lakrgyse 4 
variety of facades, visual effect of garages and/or 


San perts, fenestration, and proportion. 


CVOUGIOoOL) Piao Intesration: (30 points) 
13) Layout of facilities within the 
unit which enhance indoor/outdoor living in balanced 
with climate, (e.g., patios, screen porches, vistas 
and yard areas.) 
ae Screened and roofed enclosures 
(consider use of materials and Cli mas 1c 
desirability). 
3) Privacy Fencing 
d. Storage C255 Dionne.) 
Consideration must be given to size, 


Becation and utility of all storage areas. 


le xt erator Bulk Storage 
2) Interior Bulk Storage 
eeenoocio ss lniincan micCoatm Clothing ) 


Secakaces/CAarponts : lO pornus) 
Aesthetics are considered under b. If 
provided, give consideration HS: attachment, 
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proximity, and/or covered walkways to Tivineege er 
well as climatic Condi cilonse 

f. Functional Arrangement: (35 pointes 

Does the floor plan of the Uae 

provide desirable relationships between sli 71a foe 

gtevalrel lL aliases sleeping and bathing? @arca= 4 Does Stilts 


relationship of the areas conflict with or enhance 


each other? Are the logistics of home operation 
considered (e.g., furnishability, expendable supply 
and disposal.) In all of the above, consideratwven 


must be given to the family size which dictates unit 


SiZe. 
Zs. Caretienw won: (15 pointes 
Accessibility without disturbing otijes 
activities. Ease of furniture movement (particularly 


ab Sich so) 


h. Apportioning of Space: (20 pointes 
To maximize livability and efficiency 


of household functions. 


i... bivinee (35 poimpear 
Considerations of iIntemior design, 


which enhance the individual and family 2roup aspecr. 
of recreation, leisure and entertainment. Consides 
window and door placements, TURN T Shabba lacus traii ite 


patterns and clearances under use conditions. 
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Family Room/Secondary Dining ~- add points 
when provided. 
j. Sleeping (30 points) 


1) Bedroom Size (Add points for area 
and/or dimensions in excess of specified minimum). 


ya) sue igial veletioya" Iba Saad 
ecco hohnt Fixture . 
Weer evecy (visual, Acoustic). 
Ko Bathing Gis pelnis 
Number and size (add points for that in 
addition to minimum specified. ) 


fjiagyout and privacy . 
Accessibility (guest, master bedroom) 


[aod Hangin ; (30 points) 

It can be said that nearly all of the 

Mmeeivivties Of the family housing group are heavily 
atie4*#cted by the design quality of the food handling 
area. Considerable ibe ably e and innovative 
meporOoachesS to the design of area can be achieved to 
euinance this major logistics and control area. Keep 
me mind that excessive floor area can mitigate 


against efficiency. 


) Efficiency 

) Storage 

) Privacy (Visual) window/door size and 
) 


Locat i @m:. 


1 
2 
5 
4 Bating/service counter. 


m. Utility and Work Areas: Glo naeants ) 
Address provision for occupant-owned 
ereesOvVernment—-furnished washers and dryers in an area 


See tne Sumit which provides for efficient product 


oF 


circulation and yet does not intringe Jone er te 


PUNCt OMS. 
Size and layout (Add points for areas 
suitable for ironing and/or light hobby worawr 


n. Energy Consumption Analysis: 
(100 pointe 


UNIT CONSERVATION LEVELS 


1 bnergy performance limetapaem 
met OY  Dropescam 
BIU/HR/SR/DD_10 / 39°/ -sey wy ee eee 
Points/ 5 
2) Active solar domestic hot water 
CONTrUDUL vem. 
% COMtLT bub HoOn eels 45 to 55 > 155 
Poantes / @ / 5 / es 
3) Passive solar space heating: 
© Gont rou piven < 2@ 20 to 40 > 4@ 
Points 4) 


EXAMPLE sCARCULAETON: 
UNIT TYPE 2 Bedroom 
GROSS FLOOR AREA Ve20 7 sou 


NUMBER STORIES/UNIT 1 in 4- plex 


GLASS AREA/UNIT: sf x  .65¢C°Uas 





Byoiees) 3/45) 
BEXT.WALL AREA/UNIT: 860 —- 90= 7(50SF x. 660s 
=49.5BTU 
ROOF AREA/UNIT: 1207 / 2 =604 sf x7055 507s 
= 19m BTU 
TOTAL EFFECTIVE BTUs 12 7 
HRS/ DAY X NOs, UNITS  —2820) Se 

UNIT AREA DD-ANNUALLY 
127.9 BTU--x--24 HR--X--300 UNIT = 24554 

UNIT AREA 
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PROPOSER’?S CALCULATION: 
itt shy PE 
GROSS FLOOR AREA 
NUMBER STORIES/UNIT 


GLASS AREA/UNIT: 2 SF X_("U")=_ BTU 


EXTERIOR WALL AREA/UNIT: _- SFX ("U")= BTU 


ROOF AREA/UNIT =a SF Ue) — aes a) 
LOLAL BERS CY hea lus je UU) 
X HRS/DAY X eNO. UNDTTs = BTU/SF/DD-ANNUALLY 
iv  ARBA 
X HR x (lle Ee = 
SF 
O. Windows, Doors, and Hardware: 


2® points) 
Evaluate suitability and aesthetic 


qualities of proposed windows, doors, and hardware. 


1) Windows and Window Coverings 
2)" Deors 


3) Hardware 


p. Cabinets and Countertops (10 points) 


Evaluate suitability and aesthetic 
qualities of kitchen and bathroom cabinets and 
@founcertops. 


Ge icin Lrilumoineg( Includes solar ): 
(19 points) 


Evaluate system SRO) se cVeKemmale) aici 
arrangement, layout, design and economies. Quality 
of material is evaluated under dwelling unit 


em@einecring and specifications. 
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ie Interior HKlectricaleevcuen 
. (5 pointes 


Evaluate system h@ functional 
arrangement, layout, design andwecenen te. 


Sa Heating, Ventilating and Air 
Conditioning: ( Includes Solar ) 
(129 points) 


Evaluate system design under this item. 


1) System Layout 
2) Equipment Placement 


t. Winishes: (25 pointe 
Evaluation shall COns Idler. tiles 

Matintainabit lity. adurab i lives and quality of the 
finishes, materials and features incorporated in the 
items and systems offered, with particular emphasis 


placed on daily household maintainability. 


Plooring 
Exterior Walls 


Interior Walls 


IN 
a 


u. Other Miscellaneous Features: 
(18 points) 


5. Dwelling Unit. Ene. and Specuimeaviloms: 
MAXIMUM 1@@ points 
wie I are: Wranie Mduaye2 i cue tee bias and 
~pecifications will evaluate the quality.) o ea 
proposed construction materials and equipment and the 
technical adequacy of the engineéring iecatures eae 


product specifications including enersy conserva aaa 


Character icuics. 


1@ 


a. Foundation System: Gio points ) 

Pveucerome, shall consider the type 

hOuncdatwen System provided, flea Ore Maberials sand 
Senstruction details. 


1) Slab-on-Grade 
2) Perimeter Wall(Crawl Space) 


3) Other Foundation Systems 
bet OOhai nS Teves bem: (10 points) 


Cz Exterior, Interior and Part Walls and 
Ceilings: Cm points ) 


nme cConmomauet on 


2) Insulation(Thermal and Sound) 


3) Sheathing 
d. Roof System: Ghy points) 


Evaluation of the roof system. shall 


address structural and quality factors, il al(@ dl bellies 
maintenance considerations. The roof system consists 
of the framing system (including eaves), sheathing, 


meoting, flashing, and gutters and downspouts. 


1) Framing 
2) Roofing and Sheathing 
3) Gutters/Downspouts/Flashing 
e. Windows and Window Coverings: (5 points) 
f. Doors(Including Hardware): CS. petmins) 
Doors and hardware shall be evaluated 
on basis of quality of materials and maintainability. 
) Exterior Doors 


Interior Doors 


1 
2 ) 
%3) Hardware 


gO) 


g. Cabinets and Countermigpce (5 peintes 
Bvaluation will consider the features, 
materials and equipment, being provided for cabinets 


in kitchens and bathrooms. 


h. Plumbing System: (10 points) 
Evaluate quality of materials and 


maintainability. 


ane Interior Electrical System and 
“"Television System: =a lGeneerae 
Evaluate quality of materials and 
Maintvainabi li te. 
1) Wang 


2) Fixtures 


as Heating, Ventilation, Air ConditiGnuls 
Zunlal Ste enee (18 points) 
Evaluate quality of equipment ana 


Maintainabili Gy. 


k. Maintainability: (15 pointe 


Consider maintenance-reducing qualities 


of proposed materials, finishes and systems. Use of 
commonly available standardized materials and 
techniques to promote economical repair of 


replacement is highly désimaple- 


1) Exterior Walle@enge iran 

2) Roors 

3) Doors, Windows end Hordware 
4) Interior Finishes and ia. 
5) Jean rmem. 

6) Baltanroons 

of), 


Utility Systems Includine eau. 
Ventilating, and Air Condi tHonam. 


Va 


ilies Appliances: (TOP poants ) 


BER of each major appliance. 


6.3 Maintenance, Repair, and Operational 
Sob ViLeces $ MAXIMUM 200 points 


lave Taewen meee Lements considered 
herein deal with the operation and maintenance of the 
Housing Site subsequent to the initial acceptance by 
the Government. Overall, the technical proposal is 
evaluated for realism and validity. Considerations 
are given to the background and experience of the 
proposer, especially in areas related to the 
mone tions required in Section VI of the Lease 
Agreement and specific plans for compliance with this 
section to include organizational and supervisory 
PmelaGplonships, quality control, and work procedures 
mo be followed. 
a. Organizational and Administrative 
Capabilities: (S50. points) 
1) Past experience in the operation 
MitGumialictenance of residential and 


commercial property of the same or 


Similar scope and 
size as contained herein. 
Indicate if previous phase-ins 


Wewemmaeiinmcaa CXiI Sting contractor 
operation or from Government 


operations, and whether or not it 


Wie) 


zs) 


Was under the A-76 Commercial 


AGCtiva ties Preeran. Identify 
CONEracics dollar value, clicmim 
locavlons >. cte- Indicate how thaw 
experience is relevant to the 
requirements "Or oe date were Lisa 
experience Our proposed 
SUDCON tractors separately. 


~pecific experience inciudins eee 
not necessarily limited to the 


Pomelow ing: 
(25 pointes 


- Dwelling units 

—— SBUPDPOrt haei ies 
- Grounds 

- Roads and Streets 
- Refuse collection 
- Pest control 


PiEoooser organization and 
staffing. 
Consideration will include, )bug 


not be limited to the folle wine 
(25 poinmines 


- Organizational structures 
(Headquarters throu on-site) 
which wiles be involved in the 
execution and administration of 
Dection, Vie 


= Number of full-time pecpike 
le@ai eon Saawce 
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—eouolirications and skilis of 
key personnel located on-site or 
OL —aesl te. 


- Titles and duties of each 
individual. 

- Lines of sn blie aojlgab ray, and 
supervision. 


- Rationale for on-site manning 
Levies. 
- Work flow procedure. 


Plans and Methods for Compliance with 
Section VI: Ci59 Points) 


1) Number and locations of Developer’s 


2) 


administrative facilities. 

- Designated use of facilities. 

- Location in relationship to 
Siicweaolomas SiLES, if more 
miiall forme. 

Spice MelemeoxcecuLlon plan to 

accompieroms the following: 

(Identify whether item will be 

perreormceumnyewae Developer , 

subcontracted, provided by local 

government or authority,etc. ) 

- Maintenance of housing units, 
administrative spaces, and other 
SUppOIe tacilities. 

- Grounds maintenance 

- Roads and streets 

ie Saee er e@ndin ty © 1 


- Refuse collection 


-—wreOlVecemana hire protection 


iD 


- Provision of utilities te 
Housing Site 

—- Identify each supp ies 

- Identify rate schedule Wiese 
will be used to bill the Governtleme 
(e.g., residential, in@ustraae 

- Type of metering (e.g., 
individual, master) 

- How will Government be billed 
Ore Wb a bites 

—- Provide Most curren: Pave mearm 
schedule identified above which 
Government would pay 

- Provisions for payment for CG@ee 
of utilities provided to Developer 
administrative “space wCcace 
separately metered, direc. 
payment to supplier, reéimburséenter:. 
to Government ) 
Developer Quality Control Program 
= Ouailnii ay, Control inspection 
system covering all aspects Of tie 
Maintenaniee. anic-« 

— Specific Pqualificatwven-: and 
extent @its authority of 
individual(s) tasked to pertemm 


quality control 
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4) 


-Method Ge identifying 
deticiencies in Guia y Or 
services performed and corrective 
action to be taken before level of 
performance becomes unsatisfactory. 

Methods IO) G CLOIM Mise y Abie} dl of 
deficiencies for items of work 
which are time-sensitive, (e.g., 
change of occupancy work, Hy sS 
Gal ee) 

ZU via bem LO record quality 
COMtrCOlmm”! NSspections, inspection 


restive wana method of correction. 


Methods for accomplishment of 


Change of occupancy work. 


> ) 


- Coordination and scheduling of 
trades. 

- Plan for attaining average 
three-day downtime. 

- Coordination with Government. 


- Who wili participate in pre- 


termination and acceptance 
inspections. 
Plans fOr COOrdanatilon and 


scheduling of work other than change 


Ot. 


occupancy Ce.2 =; hy Ss calls, 


Ti 


preventive Maintenance inspect Lome 
pest control inspec. ones 

- Notification of tenance 

-~ Coordination with Government. 

~ Situations where tenants are 


not home 


= Provisions for receipsz and 
response to / So cade (6.288 
number of Lines, manning, 


receipt during off-hours). 
- Procedures fens exchange of 
written correspondence (e.g., 
pick-ups and drop- offs, signatum. 
authorities 
6) Plans for repair or replacement of 
major components, (e€.g., roofs, Hye 
equipment, appliances. ) 
-~ Expected schedule over 20-year 
period. 


- Who will accomplish? Sub-— 


COnTractGl, Developer personnel? 
-~ Expected impact on téeénanGger 
(e.g., relocation, inconveniemecs 
-~ Methods iets accomplishment, 
Ce as Guin Pine change eit 
OCCUp anc ve, vacating @ule 


18 


net Ss, Vote Unit 1s occupied, 


ert Cuan) 


ies 
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